Introduction
Development of noble techniques of separating biological molecules is required for 'high-speed' and 'high-resolution' analysis of genetic information. Micro-structures and channels fabricated by the use of the matured semiconductor nanotechnology are widely used in separation techniques such as 'micro-chip-electrophoresis' [1] [2] [3] [4] . In the conventional method, molecules are separated in micro-channels by their size and quantity of their electric charges, and the separation is monitored via fluorescence signals from tags attached to molecules. However, fluorescent tags might have undesirable influences on biomolecular interactions, and moreover, labeling of molecules with fluorescent tags is time-consuming. Here, we propose a noble label-free detection scheme using infrared absorption spectroscopy (IRAS). In this scheme, we detect and distinguish biomolecules through infrared absorption spectral profiles of the molecules of interest, instead of fluorescent signals from labeled molecules. IRAS is in many ways an ideal detection technique, since virtually all molecules of interest absorb IR radiation. In contrast to UV/vis absorption, IRAS is a fingerprinting method. Characteristic functional groups are apparent by quick inspection of IRAS spectral profiles, and the unique IR signature of many molecules allows identification of an unknown chemical species via comparison with spectral libraries. Previously, we have shown that DNA molecules can be in-situ detected in an aqueous solution using IRAS in the multiple internal reflection geometry (MIR-IRAS) [5, 6] . In the MIR method, a focused infrared light beam goes through a Si prism, internally reflecting many times, and biomolecular species in aqueous solution can be monitored by measuring IRAS spectra of biomolecules in the vicinity of the prism surface where the evanescent field is present.
In this study, we apply MIR-IRAS to the detection of DNA molecules during electrophoresis in micro fluidic channels. Figure. 1 schematically shows the principle of detection of DNA molecules in the micro-channels. Micro-channels are formed on a Si prism (crystal) through which a focused infrared light beam penetrates, internally reflecting many times. When the infrared light is totally reflected at the surface, the evanescent field is generated in the vicinity of the surface. A solution containing DNA molecules flows through the micro-channels. When the molecules cross the evanescent field, they produce infrared absorption signals which are fingerprints of the molecules of interest. One can therefore detect and distinguish DNA molecules by measuring infrared absorption spectra. The advantage of our method is that the MIR-IRAS method is very surface sensitive. The evanescent field is confined within sub-microns from the surface, and the exponential decay of the evanescent IR wave causes surface-associated species to be weighted more heavily in sampling than their solution-phase counterparts.
In the present study, we fabricate micro-channels on a Si prism surface using the conventional lithographic method, and demonstrate that transformation of single-stranded DNA in the micro-channels can be monitored through infrared spectral profiles.
Experiment Fabrication of microcapillaries
Our micro-channels are consisted of a Si substrate and a quartz substrate. We formed fluidic channels on the Si substrate (Si MIR-prism) and punctured holes through the quartz substrate for sample inlet and outlet, and then bonded together the two substrates. The procedure that we employed for formation of the micro-capillaries is schematically shown in Fig. 2 . First, we prepared a Si MIR prism in which a focused infrared light beam penetrates, internally reflecting many times. The prism has two beveled edges through which an infrared light beam enters and exits the prism. Second, we formed a silicon dioxides layer (SiO 2 ) with a thickness of 1.5-μm, on the prism surface. After that, we used the conventional lithographic method to form micro-channels on the SiO 2 layer and to 
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Cross-Sectional-View puncture two holes through the quartz substrate. Finally, we used the conventional wafer bonding technique to bond the quartz substrate with the Si substrates to form micro-channels on the Si MIR-prism. Figure 3 shows typical SEM images of the micro capillaries with 200-μm wide and 1.5-μm depth that were fabricated on the Si MIR prism.
IR monitoring of DNA moving in micro-channels
We have investigated the drift of DNA plugs in the micro-capillaries by the force of electro-osmosis and electrophoresis. In order to induce the movement of DNA molecules, we applied a potential of 50 V between two Pt electrodes located at the ends of each micro fluidic channel. In the electro-osmotic flow, anions in the vicinity of the inner walls of micro-channels move to the cathode electrode and samples drift in the same direction due to the viscosity of the electrolyte. On the other hand, electrophoresis is induced by the electric charge of samples under the presence of electric field. Since, in the present experimental condition, electro-osmosis dominated, oligonucleotides moved toward the cathode. We have in-situ collected MIR-IRAS spectra for 30-mer oligonucleotides, dA 30 and dC 30 , drifting through the microcapillaries.
We formed sample plugs by applying a DC voltage in a manner. First, a sample solution containing DNA molecules was put into the sample reservoir and then was injected into the microcapillaries by electro-osmosis flow. After a short-term (approximately 1 min.) injection, the sample solution in the reservoir was replaced with heavy water, thus producing sample plugs in the capillaries. After that, the sample plugs moved through the channels under the presence of electric field. Figure 3 shows a series of IRAS spectra that have been collected at intervals of 13 seconds for dA 30 moving through the capillaries. The peak at 1627 cm -1 , which is due to the ring vibration of the adenine base, initially showed up and then disappeared. This clearly indicates that sample plugs containing DNA crossed the evanescent field. Although not shown here, similar results have been obtained for oligonucleotide of cytosine, dC 30 . Thus, we can conclude that movement of DNA plugs in the microcapillaries can be monitored using MIR-IRAS. 
Results
